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SECTION IV

MER CARRIAGE AIRLOAD PREDICTION

The technique for predicting the airloads of a store

carried on a multiple -jector rack (MER) is presented in this

section. The approach consists of inserting the MER/store confi-

guration into the flow-field of the base wing (45' sweep) as outlined

in Subsection 2.3 to obtain an initial prediction for the side force,

yawing moment, normal force, and pitching moment components for

the two rack centerline stations (MIR stations 1, 2j. The MER

shoulder stores are treated as increments to be added to the

initial predictions made for MER stations 1 and 2 for these four

components. The rolling moment and axial force components are

predicted in a manner similar to that used for the single carriage

predictions. r

The thod contained in this section has been developed

primarily from data obtained on a fully loaded MER carrying MI7

stores. Since the data base for the method is restricted to essen-

tially one store type, a scaling factor has been defined in an

attempt to scale the airloads predicted herein to other store

types based on differences in isolated aerodynamic characteristics

and physical size. The scaling factors for side force and normal

force are presented below.

SCALESF 96

where

- Store isolated characteristics, C S
ISO where CL  is obtained from aISO

aISO ft 2

the method referenced ii, Subsection 2.2,

SPA - Store total side projected area as defined

in Subsection 2.2, in 2
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These factors are used in the eauations throughout

Section IV where required.

The airloads predicted for MER/store configurations assume

that the MER is fully loaded.

4.1 SIDE FORCE

4.1.1 Basic Airload

The basic captive store airload is that airload generated

by a zero-yaw pitch excursion of the parent aircruft.

4.1.1.1 Slone Prediction

The prediction of the variation of captive store side force

with angle of attack is divided into two sections, fuselage centerline-

mounted configurations and wing pylon-mounted configurations. The tech-

nique presented in this section predicts the slope, S , at M 0.5.

FUSELAGE CENTERLINE-MOUVTD STORES

MER STATIONS 1 and 2 (MSI,2):

F 0, due to symmetry

MS1,2

MER STATIONS 3 ,14,5 ,6 (MS3-6):

ScREF f(d)

MS3-1 MS3-6

where

C - Variation of C presented as a function of

store diameter, Figure 330.

S - Store reference area, ft' .
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WING MOUNTED STOIES

MI STA'ION 1:

~ K C K

. MS1 A C

whet e:
M7

KF - nitial side force slope prediction,
O eg.' see Subsection :.3.2.

K - Store spanwie iositi,,n ccrrectiof,

factor, Figure 9.

- Correction f'act-jr bared on the istance

EA from the wing .Leading edge to the, nose

of the store ,.n MER 2TA 1 measured in a

wing plan view .:iviued by the local wing

chcrd, positive, Figure 3z .

K _  Correction factor based on pylon height

diviaed by th1 lo-tl wing chord, ,igure -33.

sin A
L ~K - Wing sweep correction factor,, sin 1I50 '

where A is the quarter-chord sweep

angle of aircraft wing.

MiE STATION 2:

I.
"Ft

(K' (fl Kn K

m AS

MS2 MS2 SOS2 ,.

I!

- I- * ~. -8

31



where

[ KC F Initial side force slope prediction,
SF IS t 2 .

MS2 deg.' see Subsection 2.3.2

K - Store spanwise position correction
14S2 factor, Figure 331.

KA - Defined above.

ME STATIONS 3, 4, 5, 6 (MS3,5; Ma4,6):

(q PRD F IO c K SCALIESF A,
MS3,5 MS1 MS3,5
Ms4,6 MS2 MSh,6

where

K - Initial side force slope prediction,

fdg. see Subsection 2.3.2. MS1 initial

prediction is used for MS3,5 while MS2

is combined. with MSh,6.

AC Incremental side force coefficientI Ya
slope presented as a function of
local chord, deg1

ME STA 3 - Figure 334

MER STA 4 - Figure 334

MER STA 5 - Figure 335

MER STA 6 - Figure 335
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Example: Compute the side force variation with angle of attacks

7q~a for an Mll'( store on MER STATION 6 of a fully loaded 
MER

on the A-7 center pylon at M 
= 0.5.

Required for Computation:
ISF\ ft2

( 0  .111 - - see example Subsection 2.3.2

MS2

C = 127.6 in.
LOCAL

SPA = 1200 in2 . Subsection 2.2.2
2

ft1 Subsection 2.3.2
q180 deg

ISO

KA = 1sin 35 = .11
1 sin 4~50

= ISOSP

KscALEF 96

AC = -.01 - Figure 335

OMS6 i

then

SF )cc111l + (-.01) 114 U2'),) .811
~ms6

, = •078 ft

deg

390
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~.l.l.2 Slope Mach Number Correction
I

To compute the variation in side force

between N = 0.5 and N 1.t'~, us~ Lhe following' expression.

Mzx PRB~ Mx

where:

(~) - Side force slope predicted at M = 0.5.

PRE~

- Incr~nent in side force slope at N = x.
Mzx

FUSELAGE CE~1TERLINE 140U1~TB~) STORES

!4ER STATIONS I AflD 2 (MSl,2):

(~X~ o, due to
Mx
MSl,2

M~ STATIONS 3, i~, 5, 6 (M53.-6): 'I
~Ii

= (.)

MS3-6 y SCALESF
M = x M53-6 MS3-6

where:

- Slope predicted for fuselage centerline
PR~ stores at N 0.5, Subsection ~4.l.l.l.

AC - Incr~ental side force coefficient slope 4
j presented as a function of Mach number,Figure 337.
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K SCALESF - Defined in Section IV, ft2.

WING MOUNTED STORES

A generalized curve depicting the side force slope variation

with Mach number is given by Figure 336.

A

SFSF

0.5 M0  M1  M2

Mach Number

Figure 336. Side Force Slope - Generalized Mach Number Variation

The side force slope variation with Mach number has been

approximated by a series of linear segments with breakpoints

occurring at Mach numbers defined by MO , Ml , and M2 for each of the

six MER stations. The variations of the Mach break points are

presented in Figure 338 (IMS1, 2), Figur-e 339 (MSh, 6), and Figure 3hO

(MS3,5) as a function of CL K M is the Mach number whereLOCAI 3A 0! /.1
the slope initially deviates from the slope predicted at M = 0.5.

Equations have been developed to predict the delta (incremental)

slope change from that predicted at M = 0.5 for each of the six

MER stations. These equations are presented below

Break 1 (M1):

MER STATION 1 (MSl):
I

397
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AK~F (M -M)K SCL',K\ q/als SLOPE 1 SCALE A1
1MS.113

M51
where :

heKre: - Variation of ACy with Mach number presented as

a function of semi-span position, n, Figure 341.

1 0- M.1 .- M0 - Delta Mach number

KSCALEsF - Defined in Section IV, ft.
2

sinA

K - Wing sweep correction factor, sin he
Asin 450)isth
quarter chord sweep angle of the aircraft wing.

MER STATIONS 2, 4 and 6 (MS2,14,6):

= (K ) (.
3 SLOPE. SLOPE1 0

1462:14,6 MS2,?4,6 INTF
MS2,14,6

KSCALE KA
SF 1

where: F" - Variation of C with Mach number presented as a IJ
IJOP CCALA

function of C K d

LOCAL A1I deg
.1MER STA 2 - Figure 341 I

U . MER 5TA 4 - Figure 343

' I MER STA 6 - Figure 343

". KsLoPEI - Increment in K SLOPEI due to the interference

effect of the fuselage for high wing aircraft,

deg' Figure 342.deg'

1 - M .- Defined under Break 1, MS1.
1 0

KA - Defined in Section IV, ft2.
OCALEF
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KAI- Defined under Break 1, 11)1

MER STATIONS 3 and 5 (MS3,5):

A(SF= AC K SCALE(TKA.

MS3,35MS3,5 MS3,5

where:

AC - Incremental C presented a. a function of

CLOCALA' 1deg

&1 MER STA 3 - Figure 34.I

MER STA 5 - Figure 3116

Break 2 (M,):

MR STATTOilS 1,2, , (MSI,2,h,6):

!= AT (2 1  + yLp
;MSI,2,4,6 MSI,2,14,6 MSl,2,h,6

(M2 1 SCALEsF A1

where:

- Increment computed under Break 1 for the

appropriate 1,ER station.

KSLOPE - Variation of AC with Mach number presented
as a function of CLAKA __

CLOCA 1 9le
1deK

1 MER STA 1 - Figure 3h5

MER STA 2 - Figure 345

MER STA 1 - Figure 36

ER STA 6 - Figure 3h6

M2 - M1  - Delta Mach number.

399
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K s- Defined in Section TV, ft2 .
SCALES

K A - Defined under Break 1, MS1.

MEI '1TATIOiN 3 and 5 (MS3,5):

q --a 2  q-la 1 ya2 -*CALE SF AI
MS3,5 14S3,5 MS3,5

where:

-,l Incremental si4e force slope computed under

Break 1 for the appropriate MER station.

AC - Incremental C presented as a function of

LOCAL" AI e g

MER STA 3 - Figure 347

MER STA 5 - Figure 3117

K SCALE - Defined in Section IV, ft2 .

K - Defined under Break 1, MS1.

To compute() at M = x, first determine from Figures 338,

339, or 340 (for the MER station of interest) between which Mach

number break points 11 = x occurs. Let M be the lower Mach
*LOW

break and MI be the higher Mach break. Compute(S) at M =x

from the expression below.

1100
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MER STATIONS 1 - 6 (Msi-6):

(SF)I )I +(q)
M = x PRED MLOW M'I

MSI-6 MSl-6 MsI-6 14s1-6

MSl-6

If x K MAL) will be the value obtained in Subsection\q /a

M x
4.l.1.1 (the initial term in the above equation).

Example: Compute the side force variation with angle of attack,

S( -)c, for an MI7 store on MER STATION 6 of a fully loaded MER on

the A-7 center pylon at M = 0.6.

Required for Computation:

C LOCAL : 127.6 in.

K = sin 45 = .811
I KA1  S F

SPA
K q ISO
KSCALE 96

SF
SF =. ft 2

/ !\ = .114 deg

SPA 1200 in
2.

n' .352

(L t.8 from example Subsection 4.1.1.1.
q) deg

PRED

From Figure 339, M = 0.6 falls between M0 and M . Let MLO = 0.5

and M M =0.7.
HI 1

1401



at M.O(mO A( ~ 0 (since Mis the Mach number where the

MLOW  slope first deviates from thAt predicted

MS6 et M = 0.5).

Break 1 (1I )

KSLOPE -.185 - Figure 3h3

MsC

AKLOE = 0 -Figure 3142

IITFMS6

then,

6 (L ) = (-.185 + 0)(0.7 - .1,L)\q _t1  9

' f M6= -.043 1
d eg

finally, (SP :o.6 -o.0 _o,3 _o.078 + O + -0. 0.5[-0 3

S0.6 = .057 d 0 .

h Op
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4.1.1.3 Intercept Prediction

The prediction of captive store side force intercept,

is divided into twc sections, fuselage centerline-mounted

stoes and wing-mounted stores. The technique presented in this

section predicts the side force intercept,(F),=, at M 0.5.

FUSELAGE CMERLINE-MOUMTE) STORES

14ER STATIOUS 1 and 2 (1S1,2):

(.) = 0, due to symmetryj9I
PRED

MER STATIONS 3,4,5, and 6 '"'S3-6):

q! a ya o REPF d)

PRED £

IMS3-6 ms3-6

where: C - Variation of C presented as a function of

Yg~og , Xa O t f,

g store diameter, Fgure3 36

SRE F  - Store reference, -c-' ft2.

WING-MOUNTIED STORES

MER STATIONS 1 and 2 (MS1,2):VF
= C K KA

\q f=0 = SCALESF AIFRED MS. 2
1431,2 M3,

1hl1 ;



(r where:

C - Variation oif C presented as a function of

C K
LOCAL A,

.MER STA 1 - Figure 3h9

MER STA 2 - Figirp 34h9

Y SCALEsF - Defined in Section IV, ft'.

KA - Wing sweep correction factor, sin A where A
is the aircraft quarter-chord wing sweep angle.

MER STATIONS h and 6 (Msh,6):

\q /a=O + AC=O KSCALEsF KAPRED PED MS4, 6
MS4,6 MS4,6

where

(S) L= - Value predicted for fuselage centerline-

PRED mounted stores, defined above, ftp.

Al LEF
AC - Variation of C based or,----F  defined

:YA=O Ya=O CLOCAL

as the distance from the wing leading edge

to the nose of the store on 4ER STA 2 measured

in a wing plan view divided by the local

wing chord, positive, Figure 350.

K SCALE - Defined in Section IV, ft2 .

K - Defined above.

b15
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MER STATIONS 3 and 5 (MS3,5):

Y(=O SCALE AI

PRFD PRED MS3,5
MS3,5

w1:ere:

,(§-)a=0 - Value predicted for fuselage centerline-PRED mounted storess defined above, ft2 .

AC - Incremental C for wing-mounted stores
Ya=o Ya=O

presented as a function of CLO " - -.

K SCALs F  - Defined in Section IV, ft 2 .

Fi

K A - Defined above

Example: Compute the side force intercept, SF for an 11117 stcre

on MER STATION 6 of a fully loaded MER on the k-7 center pylon at

H = 0.5.
' Required for Computation:

COCA = 127.6 in.

£LEF = 59.3 in.

d = 16.1 in.

SREF r 1.42 ft 2 .

-' (SF) = .11 f4
q iSO deg

SPA 1200 in 2 .

sin 350

;KA I, si 5
416



c = .174 Figure 348
YX=o

s
ms6

then

\ql=
PRED
v's6

AC = -.23 - Figure 350

MS6

Substituting,

('F'I)=o .247 + (-.23)S

PRO)
-.019 ft'.

17
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Centerline, MER Stations 3-6
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h.1.1.h Intercept Mach Number Correction

To compute the variation in side fcrce intcreept,q )a.O,

between 1M = 0,5 and M, = 1.6 use the following expression.

()=O (1q) a=0 q=

M = x PREx i4=x

whei:e:

(q- - Side force intorcept predicted at 1.1 = 0.5,

PRED

S 0- Increaent In s de force intercept at M = x.

M=x

FUSELAGE CENTERSLNE-MOUIITED STORi ES

:1ER STATIONS 1 rind 2 (MS,2):

(~')~-~= 0, due to syrnret-y
IA

i1 M= x

MS, 2

HER STAT.INS 3,4. 5 and 6 (MS3-6):

F =Sa + 6C
\qc=o q Yo =.CALE

IM = x PRED M$3-6
MS3-6 143-6

where:

- Intercept predict.ed for fuslog,: centerline

P=ED .stores at M = 0.5, Subsection ).i.l. .PRED

MS3-6

Il 21]



- Incremental side force intercept presented
a=O as a function of Mach number, Figure 352.

K - Defined in ;ection 1V, ft 2 .

WING-MOUNTED STORES

A genera) ized curve depicting the side force intercept

variation with Mach nwnber ;s given by Fiure

(F 2FA
L q 2aO qt

0.5 M M M M

01 2 3
Mach Number

Figure 351. Side Force Intercept - Generalized Mach Number Variatio

Th. side forc- inhtercept variation with Mach number h's

teen approxmnated by a series of linear segments with break points
occurring at Mach numbers defined by M1, M1 , 2 , and M3 fnr each

"113
of the six MER stations. The variations of the Mach break points

are presented i; Fiure 3, ",431, 2), Figurp 35 h (MS4,6), and Figure

'355 (403,5) as a function of CL KA. M is the Mach number where
LOCAL A 0

* the intercept initially deviates from the intercept predicted at 1.1 C.5.

Equations have been developed to predict the delta (incremental)

slope change from that predicted P.t M = 0.5 for each of the six

IIFR stati,4,nr;. These equations are presented below.

"IAL
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Break I (M ):

MEN STATION 1 (MS1):

= (Ac + AC + tC )KscAE KA
qM1 _ I TF SF A

MS1l
C

MS]

where

Ac incremental at V, = MI rzeuten, tas a

fuiztion ofJAKA, Figure ;-

- Increment in C bused on the listanceY = O Y 0= o0o

LE from the wing leading edge to the nose cf the
C store on MER STA 2 measured in a wing

plan view divided by the local wing chor,

positive, Figure 357.

AC -- incremental C due to the interferenceYaO I  YLX=o
1 effect of the fuselage for high wing aircraft,

Figure 5.

K Defined in Section IV, ft"'SCALEFF
Csin

KA - Wing sweep correction factor, sin 45W. wh.re
A is the quarter chord sweep angle of the

aircraft wing.

h;) 3

I 2 3I



MER STATIONS 2,3,4, and 5 (M2-5):

I=IaOAC K~CL K
L I y=0 SCALESF AJ

11,2-5 .132-5

where:

A In2remer tl $A t i4 = 11 presented as aAya=Ol - 'X=0

f un t.: t I fL2L .

y1  S;1 '1 . A 2 - Figure 1

MUM ' TA 3 - Flicre
MMh STA -i - Figure 5.

I3 MER "'A5 -Fieure 3",)

KSCALF - Definedi in Cection IV, ft2 .

KA - Defined abovv
A,

14ER STATION 0-1(1c6):

L _::_ i = (C + c y .VCALEs A~q ]aMO aY== C YF o

MS66 ITF

where:

AC - Incremental C at M = M, presented a,-

function of CLOCALK. , Figure 360.

AC - Incremental C due to the interference
SYa-OI Ya=-O

INTF effect of the fuselai.e for high wing aircraft,INT
Figure 361.

1 CALEs FJ, - Defined in Section IV, ft2 .

424
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KA - Defined above.

Break 2 (M2

M STATIONS 1,2,3, and 5 (.31,2,3,5):

A=Z),o(AC, + AC 2\q/02 Ya-=02 =O 2

MSI,2,3,5 2
MS1 2, ,5 IRTF

MSl,2,3,5

+ C )Kc K

Li.: C
14SI,2,3,5

AC - Incremental c at 1.1 1 k2 presented as aYa=o 2  YaoLU

funtion ,f C "

MER STA 1 - Figure 362

140 OTA 2 - Figure 362

14ER STA 3 - Figure 365
MER STA 5 - Figure 365

AC - Incremental C due to the interference

YUO2 effect of the uielage for high wing aircraft.
INTF

ME STA 1 - Figure 364

MER STA 2 - Figure 364

1MR STA 3 - Figure 367

MER STA 5 - Figure 367

6C Y(%- Incremental Cy a 0 based on the distance

from the wing leading edge to the nose of the

E store on MER STA 2 measured in a wing plan
C

14P5



view divided by the wing local chord, positive.

I STA 1 - Figure 33

MER ITA 2 - Figure 363

MER STA 3 - Figure 36L

1MR STA 5 - Figure 36t

KSCALE - Defined in Section IV, ft 2 .

SF-

K, - Defined under Break 1, MCI.

MER STATIO11: 4 and U 1113,t:

-=c Is s/
211C= ALYa=F

where:

AC- Inr.ental C at !.1 presented asI function of I ' "

IER STA 4 Figure 36

MER STA 6 - Figure 3ub

KSCALE - Defined in Section IV, ft 2.
SF

KA
1  

- Defined under Break 1, MZl.

BREAK 3 (M ):3

MER STATION (MS1) :

No break 3

426



MER STATION 2 (MS2):

0 (AC + &CC 0  )KscALEsKA)01.0 u YLX(03 Ov =03 YU 1S

MS2 MS2 INTF 3%

MS2 C
MS2

where:

6C ...- incremental C Y at M a M3 presented as a

uncti-r . .K , Figure 369.

LC - Incremental C due to the interference

effect of the fuselage for high wing aircraft,
TNTF

Figure 371.

AC Y- Increment in C based on the distance

SLE from the wing leading edge to the 
nose of

the store on MER STA 2 measured in a wing

C plan view divided by the local wing chord,

positive, Figure 370.

MER STATIONS 4 and 6 (MS4,6):

'~ K~KA
(q ) oLO3 ' CyU KSCALE sFA I

a'3
s4,6 14s4,6

where:

Incremental C y at M M M3 presented as a

3 function of CIOCALKA.

t4IME STA 4 - Figure 372

uER sTA 6 - Figure 372

427



MER STATIONS 3 and 5 (MS3,5):

[ (SF) -(Ac + AC )KCL~F 1
"O3 ya03 a=03

MS3,5 MS3,5 INTF

where: MS3,5

AC - Incremental C at M = M3 presented as a

function of C LOCALKA.
R STI'-Fi e 7

MER STA 3 - Figure 373

14ER STA 5 -Figure 373

AC - Incremental C due to the interference
Ya=o 3  Ya-O

I3TF effect of the fuselage for high wing aircraft.
. MER STA 3 - Figure 37

MER STA 5 - Figure 37h

To compute(SF=0 at M x, first determine from Figures 53,

35h, or 355 (for the MER station of interest) between which Mach

number break points M = x occurs. Let MLO w be the lower Mach

break and MI be the higher Mach break. Compute( )SF at 1 :x from

the expression below.

4EiRi STATIONS 1 - 6 (MSl-6):

1,(S a F

(.)2qO"()a=o + A(!, MH ( M W) qAS) =
M = X PRED M M
MSI-6 MSI-6 LOW M}I

msl-6 MSi-6

MLOW

msl-6

~428'.Z 91i



r1 19 q al , ''PMR - -- ' -F]
If x 1 *O , =O will be the value obtained in Subsection 4.1.i.3 (the

M-x

initial term in the above equation).

An example illustrating the application of the above

equation is found in subsection 4.1.1.2.

429
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4.1.2 Increment - Aircraft Yaw

The captive store incremental side force due to aircraft

yaw is obtained as the difference between the yawed pitch polar

and the zero-yaw pitch polar data as outlined in Section III.

The incremental side force slope, AfE , and intercept, A

thus obtained are linear with aircraft yaw angle; therefore, the
incremental slope and intercept equations are derived and presented

per degree of store yaw angle, B. The incremental airloads due

to aircraft yaw are referenced to the coordinate system presented

inSubsection 2.3.1.1.

To compute the incremental side force slope, Aff%, theVqfollowing equation is used.

q \ q B

where:

- Incremental side force slope per degree B as

obtained by the methods presented in the following
ft

2

sections,

-Store yaw angle, deg., equal to +y A/C for right wing

store installation or -YA/C for left wing store

installat ions-

The equation and procedure for computing the incremental

side force intercept, A due to aircraft yaw is similar to

the above presentation for incremental side force slope.

4.1.2.1 Slope Prediction

The incremental side force slope prediction is divided

into two sections, fuselage centerline-mounted stores and wing-

mounted stores. The technique presented in this section covers the

Mach number range 0.5 to 1.6.
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FUJSELAGE CM ERLINE-M0UNMT STORES

MER STATIONS i-6 (MSI-6)-

=AC KSC E

(A SCAs

MSi-6

where:

6C Variation of C presented as a function of

1
Mach nunber, de,2$ Figures 375 and 376.

i i ~ KCLI Defined in Section IV, ft' .

WING-MOUTITED STORES

14ER STATIOIS 1, 3, and 5 (MS1,3,5):

ti(.2 (AC +K )C

MSl,3,5 L EA

where: C

AC Incremental C per degree 8 presented as a

function of wing spanwise position for Mach

numbers 0.7, 09, 1.05, 
1.2, and 1.6, 1

Table 7.

- Proportioning factor based on the distance

LEA from the wing leading edge to the nose of

C the store on MER STATION 1 measured in the

wing plan view divided by the local wing

chord, positive, Figure 388. ii
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AC - Incremental C per degree 8 based on
yy

8t L LEA/C defined above and presented as a

A'A
C function of Mach number,

MER STA 1 - Figure 387

MER STA 3 - Figure 387

Ka STA 5 - Figure 387

KSCAE - Defined in Section IV, ft2 .

K - Wing sweep correction factor, sin where
sin I45O0

A is the quarter chord sweep of the aircraft

wing.

* ME. STATIONS 2, h, and 6 (MS2,3,6):

AAC Ksc K
q )a q /

8  KSCALE SF A1
MS2,4,6 M2,I,6

where:

AC - Incremental C per degree 8 presented as a
y ya
8 "function of wing spanwise position for Mach

numbers 0.7, 0.9, 1.05, 1.2, and 1.6, 1
deg

Table 7.L2
K- Defined in Section IV, ft2

SF

KA, - Defined in MSI, 3,5 above.

The variation of AC for MER STATIONS 1-6 is presented at

distinct Mach numbers of 0.7, 0.9, 1.05, 1.2, and 1.6. Table 7

I51
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presented below is a guide for locating the curves for AC for

each MER STATION at the Mach numbers indicated above. For Mach

numbers between 0.5 and 0.7, the value at M = 0.7 should be used

in the computation. For Mach numbers between 0.7 and 1.6 other

than those distinctly presented, linear interpolation should be

used between the appropriate Mach numbers to obtain the required

value for computation.

TABRJ 7. INCREMENTAL SIDE FORCE SLOPE COEFFICIENT DUE TO YAW -

FIGURE LOCATION GUIDE

MACH U1MBER

AC 0.7 0.9 1.05 1.2 1.6
ya

Figure Numbers

MER STA 1 377 379 381 383 3'35

1 1'ER STA 2 378 380 382 354 ?6

S14ER STA 3 377 379 381 383'

1 i.!ER STA 1 378 380 382 382; '36

MER STA 5 377 379 383 383

j MER STA 6 378 380 382 38"

.1
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4.1.2.2 Intercept Prediction

The incremental side force intercept prediction is divided

into two sections, fuselage centerline-mounted stores and wing-mounted

stores. The technique presented in this section covers the Mach

number range 0.5 to 1.6.

FUSELAGE CENTERLINE-MOUNTED STORES

MER STATIONS 1-6 (MS1-6):

A(ff), 0  AC K-q Ya:0 KSCALEsF

Msl-6
where:

AC - Variation of C presented as a function ofi Ya=O 0B Ya= 0

Mach number,
HER SA 1-deg.

MER STA 1 - Figure 389

MER STA 2 - Figure 390

MER STA 3 - Figure 389

MER STA 4 - Figure 390

HER STA 5 - Figure 389

MER STA 6 - Figure 390

KSCLE - Defined in Section IV, ft2

WING-MOUNTED STORES

MER STATIONS 1, 3 and 5 (MSI,3,5):

h67



r-A -0 q z (AC + Ko AC )K ..... LL <
I AqSZ,3, 5  Yl=O S1,3,5 LEA Jr= L OF A

C L

C

where:

AC - Incremental C per degree 8 presented

as a function of wing spanwise position

for Mach numbers 0.7, 0.9, 1.05, 1.2, and1

1.6, deg , Table 8.

K - Proportioning factor based on the distance

LEA from the wing leading edge to the nose of

C the store on MER STATION 1 measured in

the wing plan view divided by the local

wing chord, positive, Figure c' Sub ?tion

4.1.2.1.

AC - Incremental C per degree 6 based on
Ya=O aa=0

z LE A  zL/C defined above and presented as

C a function of Mach number, 1

~degMER STA 1 -Figure is01

17MER STA 3 -Figure 14,)

MER STA 5 - Figure 4()l

KSCAE - Defined in Section IV, ft2 .

~sin A

K - Wing sweep correction factor, sin73'

Asi
where A is the quarter chord sweep of the

aircraft wing.

hI8
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[. ME STATIONS 2, 4, and 6 (MS2,h,6):

AC ,c KSCALEsFKJ

MS2,4,6  MS2,1 ,6

where:
AC - Incremental C ptr degree a presented as a

function of wing spanwise position for Mach

numbers 0.7, 0.9, 1.05, 1.2, 
ani 1.6, 1

Table 8.
q2

KA - Defined in Section IV, ft
2.

KSCALEF

Y - Defined in MS1, 3, 5 above.
,KA

The variation of AC for MER STATIONS I to 6 is presentedYa=o

at distinct Mach numbers of 0.7, 0.9, 1.05, 1.2, and 1.6. Table 8

presented below is a guide for locating the curves for ACy

for each MER station at the Mach numbers indicated above. 
For

Mach numbers between 0.5 and 0.7, the value 
at M = 0.7 should be

used in the computation. For Mach numbers between 0.7 and 1.6,
i :I  other than those distinctly presented, linear interpolation should

be used between the appropriate Mach numbers to obtain the 
required

value for computation.
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Table 8. INCREMEfNTAL SIDE FORCE INTERCEPT COEFFICIENT DUE TO YAW -

FIGURE LOCATIOn! GUIDE

MACH iIMBER

AC 0.7 0.9 1.05 1.2 !

Figure f"unbers

MER STA 1 19, 39? ?q5 3"

MER STA 2 392 39! '96

MER STA 3 -?1 393 1?, 3o

MER STA 4 392 39h ,

MER STA 5 3i 393 390 Y:7
MER STA 6 3)' 39!1 398 400 1
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4.1.3 Increment - Adjacent Store Interference

Methods to predict the increment in captive store side

force variation with angle of attack, A(S)a and the value

'SF~ INTF
at cLO, A S\ i,=O, for multiple carried stores are presente

within this secTion. The basic prediction is made as a function

of minimum store to store separation distance y IVTF (see Subsection

3.1.3), at discrete Mach numbers. The data are presented separately

for the aft cluster of stores on MER £1ATIONS 1, 3, and 5,a nd

the forward cluster, IER STATIONS 2, h, and 6. Predictions are

also separately made for inboard - outboard interference, the inter-

fering store carried inboard of the subject captive store, and

outboard - inboard interference, the interfering store carried

outboard of the subject captive store. On the curves defining

the basic prediction ADJ.SHOULDER refers to the MER shoulder

store adjacent to the interfering store, OPPOSITE SHOULDER

i.r the IMER shoulder store farthest displaced laterally :'r .% .:.e

interfering store, and £ STORE is the MER centerline store, j
STATION. 1 or 2.

4.1.3.1 Slope Prediction

The equations governing the prediction of incremental
side force variation with angle of attack are presented below.

INTERFERING STORES CARRIED INBOARD

MER STATIONS 1,2,3,h,5, and 6 (MSI-6):

AT A GIVEN MACH IUBER:

( INTF hF

msi-6



where:

AC - Incremental side force slope coefficient due

to inboard to outboard interference as aINTF 1
IB*OB function of y d- see Table 9.

K - Side force scale factor, ft2 , see Section IV.

SCALEF

INTERFERING STORES CAERIED OUTBOARD

MER STATIONS 1,2,3,4,5, and 6 (MSI-6):

AT A GIVEN| MACH IJMBER:

IFI1TF
.si-6 OB.IB

MSl-6

where:

AC - Incremental side force slope coefficient due

to outboard to inboard interference as a
INTF I
OB*IB function of y IlTF' deg ' see Table 9.

K - Side force scale factor, ft , see Section TV.
SCALE SF

INTERFERING STORES CARRIED INBOARD AND OUTBOARD

MER STATIONS 1,2,3,4,5, and 6 (i4Sl-6):

AT A "IVEN MACH 14JMBER:

A( - 1 ~+ SO](A +j:AC I
INT'F) 1 + Y,

MSI-6 INTF INTF
IB-OB O1IiP,

Msl- 6 m- 1 -6

1,85



!

where:

KINTC - Intercept for the inboard - outboard combination

correction for side force slope, 1 , Figare !-..

KSLOPE - Slope for the inboard-outboard combination
correction for side force slope, Figure -11%

AC - Previously defined.

II'TF
IBOB

AC - Previously defined.

I'TF
O B-IB

K- Side force scale factor, ft2 , see Cection iV.OC I SF
The above equations define the interference incremenL

calculation at a given Mach number. For Mach numbers other than

those presented, t = 0.7, 0.9, 1.05, 1.2, 1.6, these guidelines

should be followed. If the subject Mach number is less than 1.1 = 0.7,

use the value at M = 0.7. For other Mach numbers linear interpolation

should be used between the Mach n-unbers which are presented.

AJ
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TABLE 9. INCREMENTAL SIDE FORCE SLOPE COEFFICIENT DUE TO
INTERFERENCE - FIGURE LOCATION GUIDE

_MACH "___ __

TCy 0.7 0.9 1.05 1.2 1.6

Figure Number

Adj. Shoulder-

Fwd. Cluster 402 403 4o4 405 406

Adj. Shoulder-

Aft Cluster 402 403 141 105 I06

£ Store-
Fwd. Cluster 407 408 409 41o 411

£ Store-
Aft Cluster 407 408 4og O410 411

Opposite Shoulder-

Fwd. Cluster 412 413 414 415 1,16

Opposite Shoulder-

Aft Cluster 412 413 414 415 416

1I
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4.1.3.2 Intercept Prediction

The equations goverr~ing the iprediction of' incremrenta.
side force int-iept are presented below.

INTERFERING "MH01ES CARRIE-' LIBOARD

MER STATIC1.3 .2.,, 3, 4,1,ad6(Z-~

A2 A 31IE2 14ACJ! =PJMER:

wnere;:

-C ~~ Incremental .;ide fsr- e :r-te.rccpt -e:'i -ot

TNTF due t,, inloerd r, c:uIvboard i t~rfeoe:

11 B a furncticn of y, see Tatle 10.

F, - Side 'orce scale factor, Pft2  see 33ecti-ui IV.

11TFERI:Nt S'TORES CARRIE'D OUTBOARD

M'TA STATIOTIS 1, 2, 3, 4, 5, and 6 (MS-6):

AT A GIVEII MACH NUMBER:

INTF(~c )cE 1INTF
MS16 OB-IB

where:

AC -incremental side forc~e intercelot efhin
Yto de'ooutboard tinoritefece a aUTTF utot nod nefecea

0B-IB function of yI~P see Table 10.

5 ()I



KSCALE - Side force scale factor, ft2, see Section IV.

INTERFERING STORES CARRIED INBOARD A11D OUTBOARD

1MER STATIONS 1, 2, 3, h, 5, and 6 (MsI-6):

AT A GIVE1 MACE IIrMrE.:

=\K/:KSLOPE AC +TC

MI--6 ITF INTF
IB+OB OB+IB
MsI-6 Ms1-6

where:

K I TC - Intercept for the inboard-outboard combinaticn

correction for side force intercept, Fignre .'.

K - Slope for the inboard-outboard combination

3LOrPE,
correction for side force intercept, Figure h-.

i AC - Previously defined.

INTF
IB+OB

LAC - Previously defined.Ya=O

INTF
OBIB

KSCALE - Side force scale factor, ft2 , see Section IV.

The above equations dcfine the interference increment

calculation at a given Mach number. For Mach numbers other than

those presented, 14 n 0.7, 0.9, 1.05, 1.2, 1.6, these guidelines

should be followed. If the subject Mach number is less than M = 0.7
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VI
use the value at M = 0.7. For other Mach numbers linear interporatiunr

should be used between the Mach numbers which are presented.

TABLE 10. INCREMENTAL SIDE FORCE INTERCEPT COEFFICIENT DUE TO
INTERFERENCE - FIGURE LOCATION GUIDE

MACHI Iflu1BIf

ac 0.7 0.9 1.05 l.2 1.6

INTF
Figure Ilxnber

Aaj. Shoulder-

Fwd. Cluster III') h2-): .

Adj. Shoulder-

Aft Cluster 14] h21 , ] :.

Stor -

Fwd. Cluster h4 h 1425 ,( 7

Store-

Aft Cluster 424 425 )426 1497 ,.

Opposite Shoulder-

Fwd. Cluster L 29 1430 ),3] 143 ,

Opposite 3houlder-

Aft Clustez 1429 h'30 h 31 143, :4

5o6
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4. 2 YAWING MOMENT

4.2.1 Basic Airload

The basic yawing moment data were generated by a zero yaw

pitch excursion of the parent aircraft. The data are referenced along

the store centerline at the mid-lug location of each ejector unit.

Under each subsequent subsection the prediction method is separated to

apply to fuselage centerline-mounted stores and to wing pylon-mounted

stores.

4.2.1.1 Slope Prediction

The variation of captive store yawing moment with angle of

attack when the store is installed on a MER at M=0.5 is defined by the

following relationships.

FUSELAGE CENTERLINE-MOUNTED STORES

MER Stations 1 and 2 (MSI,2):

YM\
) = 0 By symmetry

PRED
MSl,2

1MER Stations 3, 4, 5, and 6 (MS3-6):

q- = SREF 'REF c

PRED
MS3-6 MS3-6

where:

C - Fuselage centerline captive store yawinG moment

variation with angle of attack, presenteddeg

as a function of store diameter.

"MER STA 3 - Figure 436

' MER STA 4 - Figure 436

MER STA 5 - Figure 436

MER STA 6 - Figure 436

rd2  ft 2
SREF  - Store reference area, -4--f
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zREF - store reference length, d, ft.

WING-MOUNTED STORES

MER Station 1 (MS1):

(1-), = K K K SF

PRED MS1 CMS1  MS1 ISO

MS1

where:

K - Aircraft wing sweep correction factor based

1on the sweep angle, A, of the quarter-chord,

sin A
sin 15'

K - Correction factor based on oemispan location,
nI4S1

Figure h37.

KZ - Pylon height correction factor, Figure h39.

C MS1

/SF\ ft 3

Kc F - Enitial pitching moment slope prediction, f -

S.1I ISO see Subsection 2.3.3.

, ER Station 2 (MS2):( -) 'A K Kcy
FMS2 C ISOq

I S2 LE YM
PRED F MS2. A MS2

where: i~n A
KA1  - Aircraft wing sweep ccrrection factor, sin 41, '

K - Correction factor based on semispan location,

• :l 4MS2 Figure 1437

K - Corretion factor based on store longitudinal

rLEF  location, Figure 438.
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Ky - initial pitching moment slope prediction,
MS2 ISO ft 3 see Subsection 2.3.3.MS2 eg

14ER Station 3, h, 5, 6 (MS3-6):

qA~ 1K 0 M + K SCALE Y CnPRED MSl IS Y M

MS3-6 MS2 MSse

wC K Initial yawing moment prediction, , see

MSl ISO Subsection 2.3.3. KCy M to be used should be

MS2 MS1 for MS3,5 and MS2 for \ISh,6.

sin

KA - Aircraft wing sweep correction factor, sin !t

KSCALEyM  - Yawing moment scale factor, ft. 3, see Section

IV.

6AC n- Incremental yawing moment slope coefficient
for the shoulder stations, 1

MER STA 3 - Figure 440

MER STA 6- Figure 4hl

: ER STA 5 - Figure 440

1MER STA 6 - Figure 441

Example: Calculate the variation of yawing moment with angle c' ',ack

for an M117 store on MER STA 6 carried on the A-7 center pylon

at M=O.5.

Required for Computation:
C = 127.6 in.
LOCAL

sin 350
KA .811A1  sin 450

) = .114 ft 2
ISO

SPA = 1200 in 2

525



(2F) SPA
KSCISOY -7.4 =(11)4)(1200) 1.92 ft 3

KC.8fL S ubsection 2.3.3
(FYMN deg

AC =-.011 T--,Figure 441

ms6

(Mi (.811)(-.o88) +4 (1.92)(-.011) =-.092
q) deg

PRED
14s6
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4.2.1.2 Slope Mach Number Correction

To compute the variation in captive store yawing moment

slope with angle of attack, (Y , between M=O.5 and Mal.6, use the

following expression.

=(X)C' + (L()
M=x PRED M=x

where:

a 1YM - Increment in yawing moment slope at M=x, 
ft3

-q) adeg

MX

-I - Predicted yawing moment slope at M=U.5, Subsection

FRED 4.2.l.1, tegd aeg

FUSELAGE CENTERLINE-MOUNTED STORES

14ER Stations 1 and 2 (MS1,2):

; )a 0 by symmetry

M=x

MS 12

MER Stations 3, 11, 5 and 6 (MS3-6):

a ="' K AiC f f(m)aq' SCALEy , n= ,
M=x
MS3-6 MS3-6

where:

.C -Incremental yawing moment slope coefficient as

a function of Mach number, •

1ER STA 3 - Figure 442

1MER STA4 - Figure 442

MER STA 5 - Figure 442

MER STA 6 - Figure 442

CALE - scale factor, ft see Section IV.
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WIING-MOUNTED STORES

The generalized curve of the variation of (Y1) with Mach

number is given by Figure 61 in Subsection 3.2.1.2. The variation of

yawing moment slope with Mach number is approximated by a series of
linear segments. Each Mach number at whi.ch the line segments change

slope is designated a break point. The initial break point, M., is

defined as the Mach number at which the value of 1Y14 deviates from

the subsonic M=0.5 value. The variation of the Mach break points

(Mo , Ml, M2, 143) is presented in Figures 443 through 445 as a function
of C and/or K . The variation of C with Mach number between

LOCAL A I n
break points for each 1ER station is prese ted in Figures 446 through
454. The expressions below define the calculation procedures for each

MER Station over the applicable Mach range.

Break< (14 M < x<MBreako 1 (): °  -  1

MER Station 1, 2, 3, 4, 5 and 6 (MS1-6):

AxM KM 1K
Mxa [xM "SLOPE, ISCALE YM
M=x 

S6
MSI-6 MSI-6ms-

where:
K SLOE - The variation of C with Mach number between

SLOP1  M and M 1 d ag

MER STA 1 - Figure 446

MER STA 2 - Figure 446

MER STA 3 - Figure 447

MER STAh - Figure 448

MER STA 5 - Figure 447

MER STA 6 - Figure 448

K Yawing moment scale factor, ft see Section IV.
SCALE YM

Break 2 (142): 141< x M2

M ER Station 1, 2, 3, 4, 5 and 6 (Msl-6):
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A N 4=x KSLOPE + (x ) KSLOPE

MSI-6 MS1-6 MSI-6

(KSCALE y)

KSLOPE - Defined under Break 1.

KSLOPE - The variation of CD with Mach number between
2 and M 2 , dIg:

MER STA 1 - Figure 449

MER STA 2 - Figure 449

MER STA 3 - Figure 450

MER STA 3 - Figure 451
MER STA 5 - Figure 450

MER STA 6 - Figure 451

KSCALE - Yawing moment scale facto-, ft3, see Section IV.

Break 3 (143): M2 < x < M3

MER Station 4 has only two break points between M=0.5 and M=l.6

MER Stations 2 and 6 (MS2,6):

(m = ( 1 -M_) KSLOPE + (M2 M) KSLOPE

- MxS MS2,6 MS2,6]1
+ (x-M2) KSLOPE K SCA.Ey:

MS2,6

where:

K SLOPE, - Defined under Break 1

KLE - Defined under Break 2
SLOPE 2

K,.O. - The variation of C with Mach number between

M and 142 3 deg
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MER STA 2 - Figure r152

MER STA 6 - Figure 452

KSCALEyM  - Yawing moment scale factor, ft , see Section IV.

MER Stations 1, 3 and 5 (MSl,3,5):

SMS1x, MSI,3,5 MSI,3,5

+ (x-M 2 ) (K SLOPE 3 + AK SLOPE 3 K SCALE Y

MS1,3,5 AFT
MS1.3,5

where:

KSLOPE - Defined under Break 1.

KSLOPE2 - Defined under Break 2.
SLP

KSLOPE - The variation of with Mach number between
M2 and M3 , a

MER STA 1 - Figure 52
MER STA 3 - Figure 453
MER STA 5 - Figure 453

AKSLOPE - Increment to K SLOPE for the aft cluster based on
3 SLOP 3
AFT 7-', , Figure 455.

degFi

KSCALEyM  - Yawing moment scale factor, ft3, see Section IV.

Example:

Compute (I-C) for an M117 carried on MER Station 6 on the

A-7 center pylon at M=0.8.

Required for Computation:

CLOCAL = 127.6 in.
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sin 350
KA = sin 45° =

K SCALE = 1.92 ft. 3 - Subsection h.2.1.1

M = 0.5 - Figure hh40

Il = 0.9 - Figure h44

ms6

1

K =-.057-- Figure 448
SLOPE1I deg

MS6

ms6

ql deeg, bcin ...MS6

II _I

jym -092 - ubiaction 4.2-1.1

PRED-09- t_

( y -.092 .033 =
- ,125 ft

3

V=. 8deg

14S6

~1
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4.2.1.3 Intercept Prediction

IThe value of captive store yawing moment at a=O for a store

installed on a MER at M=0.5 is defined by the following relationships.

FUSELAGE CENTERLINE-MOUNTED STORES

MER Stations 1 and 2 (MS1,2):

-qI O = 0 By symmetry

PRED
MS1,2

MER Stations 3, 4, 5 and 6 (MS3-6):

()=O =REF REF C,=

PRED
MS3-6 CL

4S3-6
where:

C n= - Fuselage centerline captive store yawing moment
coefficient at c=O and M=0.5.

CL
E4R STA 3 - Figure 456

MER STA4 - Figure 456
MER STA 5 - Figure 456

MER STA 6 - Figure 456

Note separate curves for finned and unfinned stores.

i , ird2

S SREF Store reference area, -- , ft 2.

- Store reference length, d, ft.
REF

WING-MOUNTED STORES

MR Stations 1, 3, 5 (ISi,3,5):

= (C 0 + c K
~PRED

'4S,3,5 CLMS1,3,5
14£S1,3,5
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where :
C - Defined under FUSELAGE CENTERLINE-MOUNTED STORES.

Note C =0 by symmetry.

i4S

AC - Incremental yawing moment intercept correction for
a=0 wing mounted stores presented as a function of CLOCAL *

MER STA L - Figure O57

MER STA 3 - Figure 1458

14ER STA 5 - Figure 458

K SCALEyM - Yawing moment scale factor, ft! , see Section IV.

MER Stations 2, 4, 6 (MS2,4,6):
( Y)a=0 (Cn + KSCA Ky
we ii~a=O +d: KSCALE KAIPRED

MS2,4,6 CL MS2,4,6MS2,)1,6

'hr: C - Defined under FUSELAGE CENTERLINE-MOUNTED STORES.

Note C Ta = 0, by symmetry.

MS2

AC Incremental yawing moment intercept correction for

wing mounted stores presented as a function of CLOCALKA

4MER STA 2 - Figure 457

MER STA 6 - Figure 459

K - Aircraft wing sweep correction factor based on the
sin A

sweep angle of the quarter-chord, sin A
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K SCALEyM - Yawing moment scale factor, ft 3, see Section IV.

Example:

Compute the yawing moment at aO for an Ml7 store on 1ER STA 6

carried on the A-7 center pylon at M=0.5.

Required for Computation:

C = 127.6 in.
LOCAL

KA sin ,5 .811A sin 450

d = 16.13 in.

C .18 - Figure 456

CL
ms6

KSCALEyM 1.92 ft.3 - Subsection 4.2.1.1

AC a=O .48 - Figure 459

MS6

(-) =0 (.18+.48) (1.92) (.811)= 1.03 ft

PRED
MS6
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4.2.l.4 Intercept Mach Number Correction

To compute the value of captive store yawing moment at a=0

between M=0.5 and M=l.6, use the following expression.

M=x PRED M=x

where:

(YM) - Predicted yawing moment intercept at M=O. 5, Subsectionq q/a=0
PRED" 4.2.1.3, ft 3

AY14c=o - Increment in yawing moment intercept at M=x, ft

M=X

FUSELAGE CENTERLINE MOUNTED STORES

MER Stations 1 and 2 (MS1, 2):

Lq').=o 0, by symmetry
M=x
MSl,2

i MER Stations 3, 4, 5 and 6 (MS3-6):

(M a=0 KSCALEyAC = f(M)

M=x
143-6 M5MS3-6

AC - Incremental yawing moment intercept coefficient
as a function of Mach number.

MS3-6 MER STA 3 - Figure 460

MER STA 4 - Figure 460

MER STA 5 - Figure 460

0MER STA 6 - Figure 460

K L - Yawing moment scale factor, ft 3, see Section IV.

SCALE 5
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WING-MOUNTED STORES

The procedure for calculating the Mach number correction to

yawing moment intercept for wing-mounted stores is essentially the same as
the procedure for yawing moment slope in Subsection 4.2.1.2. The variation

in Mach break points (Mo, MI, M2 ) is presented in Figures 461 through 463

as a function of CL and/or K The slopes of C versus Mach

number between break points for each MER station are presented in

Figures 464 through 471. The expressions below define the calculation

procedures for each MER Station over the applicable Mach range.

Break 1 (M 1 ): M <x<MV
MER Stations 1, 3, 4, 5 and 6 (MSl,3-6):

k(YM) = [(xo ) "SLOPE j KSCALE YM
MSI,3-6 MSl,3-6

where :

K SLOPE - The variation of C na= with Mach number between

M0 and M1 .

MER STA 1 - Figure 464
S*MER STA3 - Figure 465

MER STA4 - Figure 466

MER STA 5 - Figure 465

MER STA 6 - Figure 466

KSCEyM - Yawing moment scale factor, It3, see Section IV.

MER Station 2 (MS2):

AY)[(x-M) ( SLPK Kq a0 LOE1 AKSLOPE) CL YM
.'J Q= K s+oPK ) SCALEy

M=x MS2 MS2
MS2

where:

K - The variation of C with Mach number between
SLOPE1  M and M1 .

0

MER STA 2 -Figure 464
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AK SLOPE - Incremental slope due to fuselage interference.
MER STA 2 - Figure 467

K SCALE - Yawing moment scale factor, ft3, see Section IV.

Break2(M 2 ): Ml< x < M2

MER Station 1, 2, 3, 5 and 6 (MS1-3,5,6):
=(X)= [(M1 -Mo ) (KsLoPE + AKSLOPE )

M=x MSl-3,5,6 MS2
MS1-3,5,6 (xM1) KSLOPE2  jKSCALEyM

MSI-3,5,61
where:

K SLOPE - Defined under Break 1.

AK SLOPE - Defined under Break 1.

K SLOPE - The variation in C with Mach number between

SPM 1 and M2 .

MER STA 1 - Figure 463

MER STA 2 - Figure 468

MER STA 3 - Figure 469

MER STA 5 - Figure 469

MER STA 6 - Figure 470
KSCALEyM  - Yawing moment scale factor, ft3 , see Section IV.

MER Station 1 (MS1):

2A Y)= [(14l-M 0) K SLOPE, + (xM,) (K SLOPE + AK SLOPE,

msx MS4 MS4 MS4

(SCALE)
YM

where:

K SLOPE - Defined under Break 1.
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KSLOPE - The variation in C with Mach number between
2 M and M2.

MER STA 4 - Figure 470

AKSLOPE2 - Incremental slope due to pylon height.
MER STA 4 - Figure 471

K SCALE - Yawing moment scale factor, ft3, see Section IV.

A similar computational procedure is included in Subsection

4.2.1.2.

- S

561

is I I -W-



1.0. .

AC~~.~ 7. ..
, 

..

............

T.,4

4-.. .1 ..

07T .bMR A .. S.

............

(b)~~ ME T

0 ~~:: :7,
-7

6C ~ aigMmn necet- ah~zn rCreto o
Str S6 -mste o ueae etrinIE tain t



*- ..:~ ... ... ....-- ~ a

.. ... ...

a)ME2R STA 1. .. ...

7'4
.. in sp. 1.26

::T - .....

. ..... ... ..

*.. .... . . . ..... ;

.~ 801

LLCA Ln

T 1180 200

I:.

Mor ?.TR Sttos12n

.... ... ... 563.

HI ...



(a MER A 3e.-*-

tv --v -- . - -I

4~4 4-

* 1 7

.. . .. ... ..

Tlii

---- n

(b)I ITS 5
I. ... ... r i I

th.AJ r- 77-2

MM

7' 1 T 1L.... ... ~ i .. .L..

! 10 J. '2 116 0V1 '20QTL ~. j4...711
. V* JICLOCAL i

Figure L62. Yawing~ Mom~ent Intercept Mlach Number Break Points

for UFR SationS 3 and 5



K (a) malsTA 4 ..L... ... ....

7:77 2

.. ... .. .. ... ...
. ... .. .

... ... 4.....

2 H.

.ti .. ....
.. ... ... ... ...-. ~

8. .... 04) 200t.........

.... ... .... ,



- ~ ~ ~ ~ ~ ~ ~ ~ ~ .. ... ..~--- - - - - i~::::: ....

.. . 9... ..~
.:

4 . ~ .(a) MRSTA 1. * Ii i

4 . 1. .j

J-J - . ... .....

SLOPE -- - - . -- - -

..........................................
.2 .-. 2 ...* . .~ .3_::~ - .... -

jjf . 4 it

:: 4~ .

.... . . .. .... .

C4 ..4 4. :2 : ..

7.7~~. , .....
(b)V MER STA 2

.7n/ - 7 L.7

10. .. ... ..,

.'.
Ci~ Ki ii.
~LCLK A .r. I. ...

1-1. 0.. 1

77 7*7 .- r -7



~~............ . ......... *.,...:::.::::I .............
MER,,,,,,3........",

. . . . . . . . . . . . . . . . . . .. .,..... . . .. 4 .. ......

(a). ... ....

800 16o 20 .

SLOLECAL

0, . ..... . .'.

4- 1' f:: .104. .:: : ...... ..I.....

.-

....... i... ...

2.0 fj~~

... .. .. .. .E ::b ... STA... 5...... ..

- ' .. ..... . .

............................... 2..::l 200:

0 C K in......

H ..7T~ .. ....

.. 4.4. .4..4 .

Figure 465. Yawing Moment Intercept -K SOEfor 1'WH Stations 3 and 5

567



.~ . . . . .. ...

( MER ST 2

I ..-

7 -7 80 120 160 :200+

I ': L O C A L A

F,.,, 2..................................... .... . ... ...

' I ~ 77,77r-
:(b) MER ST'A 6 .......

2.C

T7 g 1 F' i7 77 I..

v-.1--.17

inte K or 1ER Stations 4 and 6

SLOPE I



-P - --- - 41

it- .41 .. ~ .

41!,,: T,.4 41,.4 44,, 4,

:-fI~ + Mu -t: II44
:ii - - - I

SLOPE Ig !,~:: z~ :- ..v;~t ~ j: ~::'~:i~
MS2 I: I~' ;, I.- U . h : W 4tt ''*'- '

- 77,.4,

~~~4t t
4

tt 414~4-

04 .. .......
01 .0 08!.11. --

12

-- H 4..j4,

.~ 1.....
Figure 467. Yawing Momaent Intercept K Fuselage Interference

SLOPE~
Correction for MER Stat ion 2

569



:7 . .. t

1z: Iz~ jt

:::: ;::!.:8; (a) i4ER STA 1 L*' :;4::;:j j .

7

r: K' I' I ... ..

- - .- IT

SLOP

I' .~.,,''2
4,,,,

CU Cin.i

LOC
Ul iI ________ .1-~-*L~v 4~4 1 itot 4

h~~ '~~w ng ~~~ nt ~Itrer F-or111Satos1.an

IIT

'141



7.- T~:j

~i~{ ~ MR STA 3 : b.~:;~ r ~ ::.:p:

2L I tj
M4SM

2 . 4* 4 444 * ~h*

.... .... . .. 4 ~4 LH 4 44' 4Hsa; * t 4 ..

I .: ... ,.. . 2: .L. .:: 4 ~ ..4 :;: ;:: ::4.4 .~..4 4. ***-71

. . . . . . . . . . . ....... . . . . . . . . . . . .

-1.

a.u 44, 4..

It 571



... .. . . .. : 4

I: . .... . .. ,

.1 Eilll -;.,,a MER STA 14 : 2::2~ U.U 
-* -~.: 8

J 21 
. r:;:

KSLOPE 80'.

m 4.' .4. .. ... 1* 1

I ' .! , .......... .. .. .

(b) ME~~STA6 7 I7. . 1 " 7-~ -

K KI in.

-j2*~ . 0 -
4. 1I

=M , +~ '' ' j 7.. 77 7r77 -.7:
I~ t I .....

1

7-77

-K 
......-±

1436



r7 -7 T n7"7 7 :-

I.t:

;2j;T

SLOP ..' . ~~ .. .... ' 1 i

s4 4v. . .4 i

t II

.-7 77

1~~ 12 :~ 1

~4E Satin 4 LOAL -

If

573'l . 1!,:1 ;.



4.2.2 Increment Aircraft Yaw

The captive store incremental yawing moment due to aircraft

yaw is obtained as the difference between the yaw2d pitch polar

and the zero-yaw pitch polar data as outlined in Section Ill.

The incremental yawing moment slope, A(YMand intercept, A(-0

thus obtained are linear with aircraft yaw angle. therefore, the

incremental slope and intercept equations are derived and presented

per degree of store yaw angle, a. The incremental airloads due

to aircraft yaw are referenced to the coordina-e system presented

in Subsection 2.3.1.2.

To compute the incremental yawing moment slope, A(YM

the following equation is used.

A(.)

where:

\ Incremental yawing moment slope per degree 3

as obtained by the methods presented in the
ft,

following sections,

-Store yaw angle, deg., equal to +1A/C for right

wing store installations or- / for left wing
A/C

store installations.

The equation and procedure for computing the incremental

-I, yawing moment intercept, A =0' due to aircraft yaw is similar

to the above presentation for incrementel yawing moment slope.

4.2.2.1 Slope Prediction

The incremental yawing slope prediction is divided into

two sections, fuselage ceritcrlinc-mounted stores and wing-mounted

- , Th, teciniq xt p,'e. ented in this section covers the Mach

7 -7 7.~



.FUSELAGE CENTERLINE-MOUNTED STORES

MER STATIONS 1 - 6 (MS1-6):

= ACn KSCALE

where:

AC - Variation of C presented as a function of

Mach number, deg
MER STA 1 - Figure 172

MER STA 2 - Figure 473

MER STA 3 - Figure 472

MER STA 4 - Figure 473

MER STA 5 - Figure 472
MER STA 6 - Figure 473

KSCALE - Defined in Section IV, ft3 .

WING-MOUNTED STORES

MER STATIONS 1, 3, and 5 (MS1,3,5):

tV' K AC )
'ALE , SCALE

CMSI,3,5 LE

C

where:

AC - Incremental C per degree 0 presented as

a function of wing spanwise position for

Mach numbers 0.7, 0.9, 1.05, 1.2, and 1.6,

Table 11.
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K- Proportioning factor based on the distance
LEA from the wing leading edge to the nose of
C the store on MER STATION 1 measured in the

wing plan view divided by the local wing

chord, positive,Figure 485.

AC - Incremental C per degree a based on k LE/C

LA
k L defined above and presented as a function o)f

A Mach number, 1.

MER STA 1 - Figure 484

MER STA 3 - Figure 484

HER STA 5 - Figure 484

KSCALE - Defined in Section IV, ft3 .

KA - Wing sweep correction factor, in A

where A is the quarter chord sweep of the

aircraft wing.

MER STATIONS 2,4,and 6 (MS2,4,6):

=AC KSCAE K
q a ar~a a SCALyM A,

MS2,4,6 MS2,h,6

where:

AC - Increnental C per degree 8 presented as a

function of wirg spanwise position for Mach

numbers 0.7, 0.9, 1.05, 1.2 and 1.6, 1e-g '

lable ii.

KSCALF M - 7efin.d .ri Section IV, ft 3 .
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K - Defined in MSl,3,5 above.

The variation of AC for MER STATIONS 1-6 is presented

at distinct Mach numbers of 0.7, 0.9, 1.05, 1.2, and 1.6. Table 11

presented below is a guide for locating the curves for ACn 8

for each MER station at the Meah numbers indicated above. For Mach

numbers between 0.5 and 0.7, the value at M = 0.7 should be used in

the computation. For Mach numbers between 0.7 and 1.6 other than
those distinctly presented, linear interpolation should be used be-

tween the appropriate Mach numbers to obtain the required value for

computation.

TABLE 11. INCREMENTAL YAWING MOMENT SLOPE COEFFICIENT DUE TO
YAW - FIGURE LOCATION GUIDE

MACH NUMBER

, AC 0.7 0.9 1.05 1.2 1.6

Figure Numbers

MER STA 1 474 476 478 480 482

MER STA 2 475 477 479 481 483
MER STA 3 474 476 478 480 482

MER STA 4 475 477 479 481 483

MER STA 5 474 476 478 480 482

MER STA 6 475 477 479 481 48
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4.2.2.2 Intercept Prediction

The incremental yawing moment intercept prediction is

divided into two sections, fuselage centerline-mounted stores and

wing-mounted stores. The technique presented in this section covers

the Mach number range 0.5 to 1.6.

FUSELAGE CENTERLINE-MOUNTED STORES

MER STATIONS 1-6 (MSI-6):

ACA=q9- AT1 -0B SCALE,

MSl-6
where:

AC - Variation of C presented as a function of

Mach number I -
ER STA 1 - Figure 486

MER STA 2 - Figure 486

MER STA 3 - Figure 486

MER SEA 4 - Figure 487

MER STA 5 - Figure 486

MER STA 6 - Figure 487

K KSCAL M  - Defined in Section IV, ft3.

WING-MOUNTED STORES

MER STATIONS 1, 3, and 5 (MSl,3,5):

(ACn  + K£ ACn  )KscE KAB B  LE o-OY

MSl,3,5 MSl,3,5 C LE

C
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where:

AC - Incremental C per degree 8 presented
nc=O

as a function of wing spanwise position

for Mach numbers 0.7, 0.9, 1.05, 1.2, and

1.6, -- Table 12.deg

K L- Proport" -ning factor bas,.!d on the distance

from the wing leading edge to the nose of
C the store on MER STATION 1 measured in the

wing plan view divided by the local wing

chord, positive, Figure 485, Subsection 4.2.2.1.

AC a - Incremental C per degree 8 based on

at L ILE./C defined above and presented as a
LEA AA
C function of Mach number,

deg

MER STA 1 - Figure 498

MER STA 3 - Figure 498

ME STA 5 -Figure 498

KSCALy - Defined in Section IV, ft3 .

K - Wing sweep correction factor, sin where A

0 i is the quarter-ahord sweep of the aircraft

wing.

MEI STATIONS 2, 4,o and 6 (MS2,4,6):

() a A(1. KSCALEyM K

MS2,4,6 MS2,4,6

where:
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ACn  - Incremental C 0 per degree B presented as

=0 a function of wing spanwise position for Mach

numbers 0.7, 0.9, 1.05, 1.2, and 1.6, -
deg

Table 12.

KSCALy - Defined in Section IV, ft3 .

K A - Defined in MS$1,3,5 above.

The variation of AC for ME STATIONS 1-6 is presented

at distinct Mach numbers of 0.7, 0.9, 1.05, 1.2, and 1.6. Table 12

presented below is a guide for locating the curves for AC

for each ME station at the Mach numbers indicated above. For Mach

numbers between 0.5 and 0.7, the value at M a 0.7 should be used

in the compute.tion. For Mach numbers between 0.7 and 1.6 other than

those distinctly presented, linear interpolation should be used

between the appropriate Mach numbers to obtain the required value

for computation.

TABLE 12. INCREMENTAL YAWING MOMENT INTERCEPT COEFFICIENT DUE TO TAW -

FIGURE LOCATION GUIDE

*MACH NUMBES

AC 0.7 0.9 1.05 1.2 1.6

Figure Numbers

MER STA 1 488 490 492 494 496

, MER STA 2 489 491 493 495 497

MER STA 3 488 490 492 494 496

MER STA 4 489 491 493 495 497

MER STA 5 488 490 492 494 496

MER STA 6 489 491 493 495 497
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4.2.3 Increment-Adjacent Store Interference

Methods to predict the increment in captive store yawing

moment variation with angle of attack, A( , and the value

INTF

at ct=O, A(X)a=0 , for mulciple carried stores are presented within

INTF

this section. The basic prediction is made as a function of minimum

store to store separation distance, yINTF (see Subsection 3.1.3), at

discrete Mach numbers. The data are presented separately for the

aft cluster of stores on MER STATIONS 1, 3, and 5, and the forward

cluster, MER STATIONS 2, 4, and 6. Predictions are also separately

made for inboard+outboard interference, the interfering store

carried inboard of the subject captive store, and outboard)-inboard

interference, the interfering store carried outboard of the subject

captive store. On the curves defining the basic predictionADJ.

SHOULDER refers to the iMER shoulder store adjacent to the interfering

store, OPPOSITE SHOULDER is the MEE shoulder store furthest

displaced laterally from the interfering store, and V STORE is

the MER centerline store, MER STATION i or 2.

4.2.3.1 Slope Prediction

The equations governing the prediction of incremental

yawing moment variation with angle of attack are presented below;

INTERFERING STORES CARRIED INBOARD

MER STATIONS 1,2,3,4,,, and 6 (mS1-6):

AT A GIVE4 MACH NUMBER:

"]C

INTF
MSI-6 ZTF

6o8~IBO

t f ~~



F]

L[ where:

AC -Incremental yawing moment slope coefficient
A~n due to inboard to outboard interference as
MNT
IB+OB a function of i see Table 13.Of YMF'deg

KSCA~E'  - Yawing moment scale factor, ft, see Section IV.

I ,I, UERFERING STORES CARIED OUTBOARD

MER STATIONS 1, 2, 3, 4, 5, and 6 (MSI-6):

AT A GIVEN MACH NUMBER:

ij
INTF

I-6 INTF ITF
MS1-6 OB+IB MSl-6

MSI-6

where:

, AC - Incremental yawing moment slope coefficient

INTF due to outboard to inboard interference as
1

OB+IB a function of INTF' deg ' see Table 13.

A2C - Increment to AC for the forward and

4A INTF INTF' ,.OB+IB
- aft cluster as a function of store nose

separation,. F + Y2TF (see Subsection 3.1.3),

which is assumed to be negative when the

interfering store is aft of the subject

captive store, Figures 514 and 515. I
K - Yawing moment scale factor, ft 3, see Section IV.

6o9



INTERFERING STORES CAPRIED INBOARD AND OUTBOARD

MER STATIONS 1, 2, 3, 4 , 5, and 6 (Msl-6):

AT A GIVEN MACH NUMBER:

INTF

MSl-6 INTF INTF
IB+OB OB+IB
MS1-6 MS1-6

INTF
MSl-6

where:

KINTC - Intercept for the inboard - outboard combination
correction for yawing moment slope, deg Figure 517.

KSLOPE - Slope for the inboard - outboara combination
correction for yawing moment slope, Figure 516.

AC - Previously defined.

INTF
IB+OB

AC - Previously defined.
Ti

V ;1 INTF
OB)-IB

A2C - Previously defined.na1
KSCE Y - Yawing moment scale factor, ft 3 , see Section IV.
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The above equations define the interference increment

calculation at a given Mach number. For Mach numbers other than

those presented, M - 0.7, 0.9, 1.05, 1.2, 1.6, these guidelines

shoiad be followed. If the subject Mach number is less than M a 0.7

use the value at M - 0.7. For other Mach numbers linear interpolation

should be used between the Mach numbers which are presented.

TABLE 13. INCREMENTAL YAWING MOMENT rOOPE COEFFICIENT DUE TO INTERFERENCE -

FIGURE LOCATION GUIDE

MACU NUMBER
AC 0.7 0.9 1.05 1.2 1.6

INTF

Figure Number
Adj. Shoulder-

Fwd. Cluster 499 500 501 502 503

Adj. Shoulder-

Aft Cluster 499 500 501 502 503

Store-

Fwd. Cluster 504 505 506 507 508

Store-

Aft Cluster 5o4 505 506 507 508

Opposite Shoulder-

Fwd. Cluster 509 510 511 512 513

Opposite Shoulder-

Aft Cluster 509 510 511 512 513
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h.2.3.2 Intercept Prediction

The equations governing the prediction of incremental

yawing moment intercept are presented below.

INTERFERING STORES CARRIED INBTIOARD

MIER STATIONS 1, 2, 3, It, 5, and 6 (MSl-6):

AT A GIVEN MACH NUIER:

A(XY)= 0  =(ZAC, )K~c
INTF SAEY
MS-6 INTF

IB+OB
MS1-6

where:

AC - Incremental yawing moment intercept coefficient
INTF due to inboard to outboard interference as a
INTF

IB+OB function of ~yINTF' see Table 14.

K - Yawing moment scale factor, ft3, see Section IV.

SCALE Y

INTERFERING STORES CARRIED OUTBOARD

MEB STATIONS 1, 2, 3, 4, 5, and 6 (MS1-6):

AT A GIVEN MACH NMBER:

°M"a n=o T) SAL

IMTF INTF INTF
ml-6 OB+IB MS1-6

'#o -



Ii

where:

AC - Incremental yawing moment i,,trcept coefficient

INTF due to outboard to inboard interference as

OB+IB a function of YITF* see Table 14.

A2C - Increment to AC for the forward and

INTF INTF
0B+IB

aft cluster as a function of store nose separation,

'x +YI ( see Subsection 3.1.3) 'which is
'INTF TF

assumed to be negative when the interfering

store is aft of the subject captive store,

Figures 533 and 534.

KSCALEy - Yawing mcment scale factor, ft3 , see Section IV.

,MER STATIONS 1,2,3,4,5,and 6 MSI-6):

" AT A GIVEN MACH NUMBER:

., MSI6 IB OMOS -6
A( YC+ INNTF

-MSl-6

~where:

KyTC - Intercept for the inboard-outboard combination

2 correction for yawing moment intercept,

Figure 536.

+ 631
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KSLOPE - Slope for the inboard-outboard combination cor-

rection for yawing moment intercept, Figure 535.

AC - Previously defined.
q =O

INTF.
IBOB

AC - Previously defined.

INTF
OB+IB

A2C - Previously defined.

INTF

K - Yawing moment scale factor, ft3, see Section IV.
SCALE

The above equations define the interference increment

calculation at a given Mach number. For Mach numbers other than

those presented, M = 0.7, 0.9, 1.05, 1.2, 1.6, these guidelines should

be followed. If the subject Mach number is less than M = 0.7, use the

value at M = 0.7. For other Mach numbers linear interpolation

should be used between the Mach numbers which are presented.

1
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TABLE 14. INCREMENTAL YAWING MOMENT INTERCEPT COEFFICIENT DUE TO
INTERFERENCE - FIGURE LOCATION GUIDE

ACnO MAtR NUMBER

TO 0.7 0.9 1.05 1.2 1.6
INTF

Figure Numbers

AdJ. Shoulder-

Fwd. Cluster 518 519 520 521 522

Adj. Shoulder-

Aft Cluster 518 519 520 521 522

Store-

Fwd. Cluster 523 524 525 526 527

Store-

Aft Cluster 523 524 525 526 527

Opposite Shoulder-

Fwd. Cluster 528 529 530 531 532

Opposite Shoulder-

Aft Cluster 528 529 530 531 532

633
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